| INTRODUCTION
Sleep is an important health behavior for youth. Sleep has been defined as a complex reversible behavioral state in which one disengages and is unresponsive to the environment. 1 Although sleep is typically considered a resting period, there are, in fact, many active and restorative biological processes at work. For example, sleep is a period when the hippocampal and cortical regions of the brain work to encode and consolidate memories into more stable representations 2 for long-term recall. 3 Two processes regulate periods of sleep and wakefulness: the endogenous circadian rhythm, which influences the timing and duration of sleep-wake cycles; and the homeostatic process, which regulates sleep depth and length relative to the timing, duration, and quality of the previous sleep period. Once asleep, two distinct types of sleep architecture exist: rapid-eye-movement sleep (REM) and non-REM sleep (NREM), which includes three sub-stages of sleep (N1-N3).
The American Academy of Sleep Medicine (AASM 4 ) provides recommended hours of sleep for youth (Table 1) . While some individual variation may be normal within these ranges, the AASM does not recommend deviating far from these sleep ranges for optimal health.
Unfortunately, research shows that 50%-70% of adolescents do not meet these sleep recommendations, [5] [6] [7] [8] and pediatric sleep disorders affect 25%-40% of youth. 9 Further, it shows that children with chronic illness experience more problems with initiating and maintaining sleep than their non-chronically ill peers. [10] [11] [12] [13] Different strategies exist to measure sleep. For example, sleep questionnaires may offer a cost-effective way to assess sleep patterns and answer research questions regarding population-based sleep behaviors, perceptions of sleep quality, or sensitivity to treatment
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( Table 2 ). Parents could fill out a sleep questionnaire for their young child to measure his/her sleep duration and sleep quality. However, because parents often overestimate their adolescent's sleep duration, this approach is not recommended for teenagers. 14 In contrast, adolescents and young adults have showed some accuracy in selfreporting sleep behaviors. 15, 16 Lab-based polysomnography is the gold standard in objective sleep research and is the only measure of sleep architecture.
Researchers may use this method to examine how time spent in each sleep stage impact daytime functioning or assess symptoms of sleep disorders in populations that experience more sleep disturbances. This method, however, is expensive, invasive, and takes place in an artificial environment. 17 Thus, most researchers use wrist-worn accelerometers, or actigraphs, to objectively measure sleep duration and nighttime awakenings. 18 The actigraph records limb (typically arm) movement nearly continuously over a 24-hour period and uses specific algorithms, to calculate sleep and wake periods. 19 This device is easy to wear and provides an objective measure of sleep in the participant's/patient's natural environment. This measurement, however, may be less accurate for adolescent boys who exhibit more movement while asleep. The recommended actigraph period is 7 days in order to obtain individual variability for weekdays and weekend nights. 20 Additionally, it is recommended that participants keep a sleep diary to prevent misclassifying a long period of immobility as sleep. 21 
| Type 1 diabetes and sleep
In type 1 diabetes mellitus (T1D), the interaction between sleep behaviors, T1D physiology, and treatment regimen can create a vicious cycle for youth. Poor glycemic control and glycemic variation can lead to increases in glucocorticoids and altered regulation of the hypothalamic-pituitary-adrenal (HPA) axis. 22 The HPA axis helps regulate sleep patterns and stress responses through a circadian pattern, 23 and the onset of the counter-regulation stress response is lowered when one is asleep. 24 If there is a sudden shift in the sleep-wake cycle due to shorter sleep durations or sleep fragmentations, cortisol levels may rise but the neuroendocrine regulatory process may take days to adapt to a change in sleep patterns. 23 Further, increases in cortisol during hypoglycemia are linked to blunted counter-regulatory responses to subsequent hypoglycemia. 25 This leaves a person susceptible to longer periods of hypoglycemia during the night 24 and in the case of T1D, leaves a person more susceptible to experiencing a blunted plasma epinephrine response to hypoglycemia. 26 Thus, due to the changes of these counter-regulatory hormones, persons with T1D over time could experience hypoglycemia unawareness and fail to wake during dangerously low glucose levels. 27 Because existing data show associations between sleep architecture and hemoglobin A1c (HbA1c), average glucose levels, and daily T1D functioning, the fact that T1D could affect sleep behaviors via biological pathways might present a significant problem. 28 Moreover, when sleep is significantly disrupted due to increased nighttime awakenings, it may become more difficult to complete complex tasks the following day (ie, medical regimens) and can lead to long-term negative health outcomes for youth.
Youth with T1D are of particular concern because lab-based polysomnography suggests that they can display significantly more periods of nighttime wakefulness compared to healthy controls. To date, the T1D literature has provided some support for a general sleep pathway affecting executive function and T1D adherence in the short term, and health complications in the long term, such as diabetic ketoacidosis (DKA) and higher HbA1C levels ( Figure 1 ). Some research suggests that adolescents with greater sleep disturbances and lower sleep quality, 33 have poorer T1D management and higher HbA1C levels. 34 Moreover, one study has shown that the additive effect of poor self-reported sleep relates to higher HbA1c levels, more episodes of severe hypoglycemia, and more episodes of DKA in youth. 30 Sleep difficulties in healthy populations have shown adverse effects on executive functioning and problems in self-regulation. 35 Specifically, correlational studies in children and adolescents with T1D
have associated sleep behaviors with poorer daytime functioning and reduced executive functioning, although these reductions were not within a clinical range. 36 Additionally, research suggests that children with T1D are reported by their parents to have significantly worse cognitive fatigue (ie, inattention, difficulties with working memory), than children without T1D. 37 This is potentially problematic because we know that better executive functioning relates to better T1D treatment adherence and glycemic control. 38 Because longer uninterrupted sleep periods are an important aspect in executive functioning performance throughout the day, sleep may be an important behavior to promote T1D adherence. 36 There is mixed evidence regarding sleep in T1D across the developmental range. Some research has shown that youth with T1D do not have a higher rate of subjective sleep disorders than their healthy peers, 39 while other subjective reports show children with T1D experience insufficient sleep. 36 Further, new proxies of sleep measurement, such as social jetlag, consider the influence of one's social schedule for adolescents and young adults. Studies utilizing these new approaches have demonstrated that adults with T1D have higher HbA1c if they have higher social jetlag. 40 
| 24-hour model of recursive cycle in T1D
We believe a more detailed conceptual framework may be useful in understanding the various influential pathways between sleep and diabetes-related health outcomes. In our proposed model (Figure 2 ), we suggest looking at sleep behaviors (ie, sleep duration, sleep FIGURE 1 Broad perspective of type 1 diabetes (T1D) literature FIGURE 2 Twenty-four hour recursive cycle in type 1 diabetes (T1D). For youth with T1D, stress levels and symptoms of depression/anxiety impact their daytime adherence and blood glucose levels and then later, these interactions impact youth's nighttime adherence and glucose levels. When youth fall asleep, their sleep behaviors can be affected by stress during the day, blood glucose fluctuations, and adherence to their nighttime treatment plan (eg, checking blood glucose levels, administering treatment). Following the recursive nature of the cycle, their sleep quality and sleep duration then affect their stress, adherence, and glucose levels the following day. Note: The majority of research supporting this model is cross-sectional, however, there are particular areas in need of longitudinal research. The solid arrows indicate relationships examined both cross-sectionally and longitudinally in the literature and the dashed lines indicate relationships that require more longitudinal research disturbances, sleep quality) over a 24-hour period and analyzing outcomes both between and within-person. While many variables during the day may influence youth sleep behavior and T1D management, here we focus on adherence behaviors, blood glucose levels, and mental health. However, because most of the current pediatric sleep research is cross-sectional, some of these pathways are theoretical (indicated by the dashed arrow lines in Figure 2 ) and so make up pos- ). Similarly, adolescents and young adults do not self-report sleep disturbances related to T1D device use. 39 Indeed, in one study, researchers found that adolescents who used an insulin pump actually self-reported fewer sleep disturbances and longer sleep durations than those who used injections. 54 Parents on the other hand, selfreport greater sleep disruptions associated with device alarms. 55, 56 Closed-loop systems that combine CGM with computer-based algorithms for insulin delivery, however, are beginning to demonstrate reductions in sleep disturbances for caregivers. Parents have reported improved sleep during the night 57 when their child utilizes a closedloop system, and also report reduced anxiety surrounding nocturnal blood glucose levels. 58 A study by Sharifi et al, however, showed no differences between objective sleep outcomes between adults and adolescents using a closed loop system and those using an insulin pump with a low-glucose suspend function. 59 To complete the cyclic nature of our model, poor sleep has also been associated with T1D behaviors and health outcomes the following day. One study has shown that adolescents who report shorter sleep durations have significantly fewer daily blood glucose checks than those with longer sleep durations. 65 Another study examining sleep architecture, suggested an association between reduced slowwave sleep and reduced quality of life, more depressive mood, and higher blood glucose levels in youth. 28 Examining these associations within-person, one study has shown that adolescents who report better subjective sleep quality than typical for themselves over a 14-day period have a lower risk of high blood glucose values and better diabetes management. 66 These processes illustrate a potential causal relation between poor sleep, T1D behaviors, and health outcomes, as well as the necessity of measuring these constructs longitudinally to look for day-by-day associations vs aggregating data for a sample across a study period. However, more recently, researchers are uncovering another pathway whereby parental sleep is affected by fear and T1D-related stress.
Nighttime caregiving practices not only increase sleep disruptions but can also lead to increases in anxiety and parenting stress. 69 Specifically, parents of children with more intensive regimens report high levels of T1D stress, especially in the hour before their child goes to bed. 74 Further, parents report fear that their child will experience hypoglycemia during the night and not be able to recognize this while asleep. 75, 76 Indeed, parents of young children who have experienced previous nocturnal hypoglycemia report higher emotional distress 77 than parents of children with no experience of nocturnal hypoglycemia. Parental fear of hypoglycemia not only relates to more parenting stress it also has been linked to lower sleep quality and greater sleep disruptions. 78 In a qualitative study, mothers of young children with T1D reported constantly vigilance during the night due to fear of hypoglycemia and even reported experiencing sleep deprivation, especially within the first 6 months of diagnosis. 79 The fear reported by some mothers in this study impacted their sleep behaviors to the degree that sleep deprivation became a chronic issue and some mothers reported co-sleeping with their child as the only solution to help them get a night of rest. Further, some research suggests fear of hypoglycemia is not limited to parents of young children, but rather this worry continues to be a concern for parents of adolescents with T1D, 58 however, there are currently no intervention studies that target a reduction in parent fear of hypoglycemia. We are starting to develop an understanding of how parental fear of hypoglycemia may relate to their self-reported sleep behaviors, but we still need studies integrating parent sleep into models of hypoglycemia fear, parent T1D adherence, and youth HbA1c.
Further, we need to study how parents' sleep behaviors may impact their ability to manage their child's T1D care around-the-clock.
We know that physicians and nurses who chronically experience fatigue, put their patient's safety at risk because they are more prone to making errors. 82 There is a potential parallel with parents of youth with T1D, yet, there is no research examining this effect. Future research models examining sleep in parents of youth with T1D may detail how their stress and hypoglycemia fear impact their ability to adhere to their child's treatment during the day and night. These processes may then affect the parent's sleep duration and sleep quality, which, like their child, may lead to parental stress and adherence problems the following day. 
| CONCLUSION AND RECOMMENDATIONS

